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AQUATIC VASCULAR PLANT FOODS
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B. C. Wolverton and Rebecca C. McDonald

INTRODUCTION

Rescarch efforts on the nutritional quality of vascular aquatic plants under con-
trolled environmental conditions has been very limited to date. Most of the data in
this area have been determined on plants that were collected from natural lakes and
ponds. The climate and nutrient content of these aquatic systems were highly variable.
In general, the nutritional quality of the plants is a reflection of the conditions under
which they were grown. Current research on utilizing vascular aquatic plants to remove
nutrients from domestic sewage lagoons has revealed that the crude protein, phospho-
rus, and other essential elements content of the plants can be improved and consistently
maintained at a high level. : C

In the data following, the nutritional quality of some common vascular aquatic
plants has been compiled. A small part on the nutritional value of leaf protein extracts
has also been included. All of the information was collected on plants grown on lakes
and ponds, unless otherwise noted.

Crude protein was calculated as Kjeldahl nitrogen x 6.25. Carbohydrate was calcu-
lated as the difference between 100% and the sum of the percentages of protein, fat,
and ash. Y
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Volume 1
Table 2
MINERAL COMPOSITION
Dry weight basis
4 K Na Ca S Mg Fe Ma Zn Cs B
Species (%) (%) (W) (W) (%) (%) (pom) (ppm) (ppem) (ppm) (ppm) Ref.

Akernanthera philoxerides 0.17 4.36 037 1.4) 0.14 [ B} 720 440 — - -

0.32 $.20 037 0,52 0.290.52 70 440 W 15
Aphanizomenon flos-aquae 1.17 0.6 0.19 0.73 1.180.21 [ X}] - - - -
Brasenia schreberi 0.14 0.99 0.66 1.79 0.11 0.26 300 265 267 2 _
Cabomba carolinians _ e = = 010 — - - - - -
Ceratophylium demersum  0.26 4.01 1,16 0.77 0.18 0.42 1,053 486 100 30 -
- - - — 0 - -— -— - —_
Charasp. 0.25 2.3% 0.13 9.03 0.550.92 2,520 - = - -
Eichhornia crassipes 0.87 3.12 175 0.65 0.490.26 1920 9 N 16 _
0.17 4.16 0.10 3199 — 040 20 —_ - - —_
0.43 425 0.34 1.00 033105 250 3190 30 [ -
0.54 4.45 041 135 0.480.56 3420 20 & 15 20
E. crassipes 0.91 1.60 1.8) 0.53 0.450.85 143 & 2 " -
_E. crassipes 0.95 .02 0.94 0.64 0.34 0.21 130 132 U 2 —_
E. crassipes® 0.56 292 1.79 0.61 1.620.23 57% 199 0 (3] -
Eleocharis acicularis 0.24 2.8 0.54 0.53 0.180.33 2,920 192 62 42 -_
- e = = 028 — —_ -— - - —
Eleocharis quadrangulata  0.10 1.81 0.12 0.20 0.)50.10 560 120 45 20 -
Elodea canadensis 0.57 3.65 0.90 2.80 0.27 0.65 1,320 —_— - - —_
Hydrillasp. 0.28 280 — 4.0 0.40 0.9 - - - - —_
Hydrocotyle ranunculoides 0.42 3.33 1.34 0.77 0.31 0.21 1,490 357 59 12 -
Hydrodictyon reticulatum  0.23 421 0.38 069 141017 133 - — -
Juncus elfusus 0.27 0.29 0.40 0.38 0.26 0.11 - - - - -
Justicia americana 0.12 338 0.17 0.90 0.120.41 1,085 112 263 2% —_
—_ = = = 01} - - - - - 12.¢
Lemnaminor 0.6 $.20 0.30 0.70 0.300.51 1,690 750 - - -
Lemnasp. 0.6 203 — 134 — 030 63500 1,50 364 14 -

Microcystis acruginosa 0.68 0.79 0.04 0.53 0.270.17 382 R - -
Mougeotiasp. 0.25 1.20 0.49 1.68 0.)60.57 1080 2,300 - - -
AMyriophyHlum brasiliense  — = = — 0.14 — —_ - - —_ 2.5
M. beterophyllum 0.16 1.25 1.87 1.47 0.24 0.26 2,000 47y 4 “ -
M. spicatum 0.43 .67 035 I.TT 043074 660 S.130 N — -
Najas flexilis 0.30 1.£2 0.78 &.11 0.4R0.97 - - - - -
N. guadalupensis 0.1 149 061 098 020047 72 201 48 43 -
Nelumbo lutes 0.19 2.27 0.28 1.56 0.160.23 126 607 %0 40 -
Nuphar advens 0.40 1.32 1.47 1.08 0.)20.27 740 300 %0 3s -—
Nymphaca odorata 0.1% 1.28 .35 1.06 0.140.14 600 1 3 36 —_
Panicum hemitonium 0.i4 1.06 0.19 038 0.230.25 133 292 N 26 -
Paspalum fluitans 0.10 2.34 0.22 0.26 0.350.22 - —_— - -— -
Phragmites communis 0.10 0.52 0.26 0.43 — 0.27 - - - - -
Pistia stratiotes 0.30 19 — 440 03909 - - - - -
Pithophors sp. 0.0 3.06 007 3.82 1.42020 2836 9 -— - -
Poatederia cordala 0.24 2.58 0.83 0.96 022015 200 90 & 0 -
Pontamogeton diversifolius 0.27 3.08 0.44 1.14 0.50 0.19 1,240 160/ 60 » -—
Pouamogeton illinoensis  0.12 2.66 0.)9 2.6 0.20 0.34 -— - - -— -
Rhirocloniumsp. 0.34 237 0.08 0.0 0.270.19 - - - - -
Ricciocarpus autans 020 18 — 0719 — 0.28 26,800 9500 82 19 fo—
Scirpus americanus 0.27 0.89 0.4 0.38 0.26 0.11 - - - - -—
_ Spirodela oligorthiza® 10 157 — 1) — 02 140 00 420 k) -
Spirodcia oligorrhiza” 171 182 — 073 — 025 4700 1300 119 13 -
Spirodcls polythiza® 1.01 2.13 0.74 0.r2 0.85 — -— - e -— -_—
Spirodela polyrhizs’ 0.36 1.22 554 .34 045 — - - - - -_
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Table 2 (continued)
MINERAL COMPOSITION
Dry weight basis
P K Na Ca S Mg Fe Mo Zo Cu B
Species (%) (W) (%) (%) (%) (%) (ppm) ppm) (pm) (ppm) (pa) Rel.
Spirogyrazp. 0.2) 0.95 1.42 0.70 0.25 0.8 l.-”l —_ - - 3
Typha latifolia 0.21 2.8 0.3¢ 0.89 0.1 0.16 120 412 ” - s.
Utricularia inflata 0.12 1.98 1.52 0.67 026021 2,112 480 108 —_ 7
Wolliasp. 097 316 — 071 — -— -— — - - 12

Average of the analyses of plants coliected from two, heavily loaded, domestic sewage lagoons.
Grown in treated waste water effluent.

Average of plant samples collected from anaerobic swinc waste lagoon.

Plants collected from natural aquatic system with low nutrient coatent.

a & @ @

Table 3
AMINO ACID PROFILE

Essential Amino Acids

Dry weight basis (57100 g proicin)

Crude  Actual
Species peotcin proteins® Ul Leuw Lys Met Phe Tare Trp Val o Rel.
FAO relerence patiern - - 43 48 42 12 14 2% 14 4.2 10
Eichhornia crassipes® 5.4 19.45 $.51 906 625 1.3) 5.4 499 6.00 5
Eichbornia crassipes 4“7 - $4& 87 M6 23 31 50 n4 (3]
E. crassipes(leaves)y’ ns WEl 489 568 596 1.47 370 436 104 5.4 17
E. crassipes(salhs) %9 1603 335 827 135 0.87 366 1DS L4 3.60 [
Mydrocolyk saaunculoides  12.40 0.10 493 802 1722 095 $28 478 143 39} 16
Junticia ameticana® 1169 0% 481 SO0 595 LW S.II 4 - .97 4
4. americana’ 10.19 $9) 4.55 142 590 L& 4w 3N bX L]
Pistia stratiolcs 23.0) 17.6) $.21 9.21 693 L74 579 503 - [%1] ]
Spirodcta polyriza’* .9) 21T 464 B9 644 106 569 4.6 .00 sa) ié
S. pulyrizas® U 11.74 451 835 533 Lee 5.1} 44 1% sS4 16
Typha luifolia [ K1) - 30 91 46 13 56 3D . 6.2 ¢
Species Ala Asp Arg Cys G Gily His Pro Ser Tyr Rel.
Exhhorais crassipes® 695 1403 608 0.29 12.48 600 2.16 4.7 4T} 39 ]
E. crassipes T4 0.2 81 067 %8 64 23 4 4B )4 [}]
3.59 17.37 198 1160 9.29 504 190 473 4.0 197 W
E. crasiipes, (leavery’ 6.50 $.49 12.61 137 11.56 339 1M &30 429 183 "
E. crassipes, (stalba) a3 3.10 35.40 0.76 11.97 3S.eb 1.4) 184 30 2. 16
Hdrocoiyic uacodes 5.8 12,40 S5.08 1.54 1728 5.8 134 443 438 P& ) 16
Justivia americana® 6.0 16.44 3576 0.0v 14.03 595 269 4.4 502 3.4 4
J. ameticana’ 5.9 15.34 607 0.17 12.9¢ 5.00 2.47 5.40 390 4.03 4
Piviia sicatioes 706 11.06 4.60 0.7 1340 $.2t 2.19 4.9 s.0) 417 ]
Spisodeia polyriza®* 6.8 961 19 166 12,67 554 105 46l 48 3.9 113
§. polycica*® 7.2 1471 682 1.30 1314 558 1.69 437 4.6 2.5¢ 16
Typha latifolia 6.2 143 350 0.4 154 55 20 32 31 33 (]
*  Sum of amino acids.
¢ Tryploph {ysis ot obuained — where Liyplophan omi d. awthor d trypiophan 10 A0t be
P t in large quantitics sad, therel: . the calculated positional p gev 10 be 1]
accurate with this omission.
Not analyaed.
Plants growa in domeslic wwage.
Manimum proicin.

Minimum proicin, .
Predominant spevics (small amounts of Lemassp.). .
Plants gathered from aquatic system with Jow nutfient conlend.

o @« « & an
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NUTRITIONAL COMPOSITION OF LEAF PROTEIN EXTRACT

Table §
PROXIMATE COMPOSITION OF LEAF PROTEIN EXTRACT
Dry weight basis (%)
Crude Calork content
Specles protein  Fat  Ash  Touwal carbohydrate Cellulose (keal/g) Ref.

Alternanthera philoxerides  31.4 1.68 1247 48.5 59 4.58 2
Eichhornia crassipes 51.8 3194 477 335 -— -_— [
Justicia americana 4573 917 L9 36.7 1.6 .2 2
Nymphaca odorata 40.0 857 4.4 41.2 8.3 4.94 2
Oroatium aquaticum 9. 14.88 1.8 28.1 2.6 5.59 2

2

Sagittaria latifolia 423 16.62 4.2) 6.4 - 5.42
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